Aim: This study was designed to compare the relative efficiency of nanohydroxyapatite (n-Hap) Aclaim, n-HAp Apagard, Clinpro Tooth Crème and Colgate Total in remineralization. Settings and Design: One hundred and eight healthy maxillary first premolars devoid of decay, restoration, and attrition were used. Materials and Methods: Stainless steel premolar brackets were bonded on all the teeth. The teeth were randomly assigned into three groups and subgroups of 12 teeth each. The samples of each group were immersed separately in an artificial saliva solution for 23 h and acid solution for 1 h for 31 days, following by sectioning and observing under polarized light microscope. The depths of the demineralized enamel in each experimental and control section were measured at three sites of the gingival demineralized area. The first site D1, near the gingival margin, the second site D2 at middle third and the third site D3 near the occlusal margin of the gingival demineralized area. Statistical Analysis: One-way analysis of variance and Tukey test were used. Results: Aclaim and Apagard were most efficient in prevention of demineralization. Maximum depth of demineralization was observed at site D2. Conclusions: Aclaim and Apagard on daily application will provide maximum protection against enamel demineralization in orthodontic patients.
Introduction
O ne of the most difficult problems in the orthodontic treatment with fixed appliances is the control of enamel demineralization around the brackets. [1, 2] This leads to the formation of incipient caries which is commonly known as white spot lesion (WSL). This is a very unesthetic and a common side effect during orthodontic treatment. Demineralization is an early stage of dental caries that occurs when plaque is allowed to remain on the tooth surface for a critical length of time. [3, 4] Bands and brackets increase the retention of plaque and food on smooth tooth surfaces that would otherwise tend to have a low prevalence of caries. [4] These iatrogenic WSLs can lead to poor esthetics, and in severe cases, restorative treatment is needed. [1] remineralization in the presence of fluoride. [9, 10] With the changes in technology which permit bonding than banding of teeth and the availability of preventive regimens such as fluoridated adhesives, varnishes, and mouth rinses or dentifrices, the frequency, prevention, and treatment of such iatrogenic damage have received renewed attention. [1] A review of literature in 2005 showed great variations from 2% to 97% for the prevalence of WSL associated with orthodontic treatment. [11, 12] Such high caries prevalence is perhaps surprising even after more than 50 years of research on the use of fluoride in caries prevention. However, this high prevalence may be due to the high cariogenic challenge prevailing in the plaque around the orthodontic appliances. Proper oral hygiene is more difficult to maintain, and pH levels lower than 4.5 have been measured in the plaque around the brackets and the bands. At such low pH, the remaining phase is hampered, and more fluoride will not necessarily give better cariostatic effect. [8] Clearly, the best approach during orthodontic treatment is to prevent lesions from occurring. However, once formed, many of these early lesions appear to be surface demineralization rather than a subsurface lesion with an intact surface zone.
Remineralization of these WSL is a natural phenomenon resulting in partial reversal of what is an early carious lesion. [13] This is one of the reasons many authors suggest repeated local application of fluoride during orthodontic treatment, along with thorough dental hygiene. [12, 14] Remineralization is enhanced if appropriate conditions such as increase in calcium or fluoride concentrations in oral fluids are seen. Nano-hydroxyapatite (n-HAp) is one of the most biocompatible and bioactive materials with marked affinity to the enamel surface. These nano-sized particles are similar to the apatite crystals of tooth enamel in morphology and crystal structure. [15] n-HAp remineralizing agents have better affinity with hydroxyapatite crystals of enamel.
This study is designed to compare the relative efficiency of four dentifrices which are Aclaim (n-HAp), Apagard (n-HAp), Clinpro Tooth Crème (tricalcium phosphate and fluoride), and Colgate Total (fluoride) to inhibit demineralization adjacent to orthodontic brackets in vitro.
Materials and Methods
A total of 108 noncarious maxillary first premolars with no visible enamel defects extracted for orthodontic purposes were used for this study. The premolars were extracted after obtaining the consent from the patients. Healthy teeth were used for the study which was devoid of decay, restoration, attrition, etc., For all hundred and eight samples, pre-adjusted edgewise stainless steel premolar brackets were bonded on the teeth with Transbond XT light cure composite resin (3M Unitek). Each bracket was cured with Bluedent LED smart light curing unit. Masking tape was used to cover the entire buccal surface area before bonding. A small window was left in the tape to accommodate a premolar bracket with 1 mm clearance on all sides of the base (4 mm × 1 mm). The enamel was conditioned with the etchant (3M ESPE, Bangalore, India) containing 37% phosphoric acid for 15 s. The teeth were then thoroughly washed and dried with moisture and oil free air spray for 15 s. A thin layer of Transbond XT light cure adhesive primer was painted over the etched enamel surface with a brush tip and was light cured for 5 s. Transbond XT adhesive paste (3M Unitek) was applied to the bracket base, and the brackets were positioned on the buccal surface at the height of contour mesiodistally, in the middle one-third oculus gingivally and parallel to the long axis of the tooth. The flash was removed with a scaler tip and the brackets were light cured for 20 s.
Masking tape was removed from the entire buccal surface area adjacent to brackets, and any residue of the tape was wiped away with ethanol and acid-resistant nail varnish was then painted on the rest of the tooth surfaces leaving the rectangular window (4 mm × 1 mm). The teeth were randomly assigned into three groups and subgroups of 12 teeth each. The sample size for Group I was 12 teeth. Each group and subgroup were coded with unique colored nail varnish [ Figure 1 ] and the exposed window of enamel of each tooth was treated with application of respective materials [ Figure 2 ]. 1. Group I -Control group did not receive any application [ Figure 3 ]. It was not subdivided into groups 2. Group II -Remineralizing paste was applied to the exposed enamel windows using finger and allowed to dry for 3 min. Following which, all the samples in the group were immersed in artificial saliva solution [ Figure 4 ] 3. Group III -Remineralizing paste was applied and brushed to the exposed enamel windows using toothbrush for 2 min and dried for 3 min. Following which, all the samples in the group were immersed in artificial saliva solution [ Figure 5 ].
The samples of each group were immersed separately in an artificial saliva solution for 23 h and acid solution for 1 h for 31 days.
After 31 days, the brackets were removed from all the teeth and then were mounted on acrylic cylindrical blocks. The samples of all the three groups were buccolingually sectioned through the center of bracket area with a hard tissue microtome [ Figure 6 ].
The sections were evaluated with polarized light microscopy (Olympus VX 52). Microphotographs of the gingival third of the buccal surface were taken with fixed ×4 magnification. were measured at three sites D1, D2, and D3. The means and standard deviations of the depths at the three sites were calculated. One-way analysis of variance (ANOVA) and Tukey test were used for statistical analysis. The depth of demineralization was tabulated in the two experimental groups and the control group. Intergroup comparisons were made for evaluating the efficiency of mode of application of dentifrices. Intragroup comparisons were made for evaluating the relative efficiency of dentifrices.
Results
One-way ANOVA and Tukey test were used for the study. One-way ANOVA has been used to test the difference between groups. ANOVA is a technique by which the total variation is split into two parts, one between groups and the other within the groups. If "F" value is significant, there is a significant difference between groups. To find out which mean between the two groups is significantly different post hoc analysis, Tukey test is performed. In case F value is not significant, it indicates that there is no significant difference between the groups and it stops the analysis at this stage and Tukey test is not used.
Data analysis was carried out using Statistical Package for Social Science (SPSS). SPSS 15.0 (IBM, India) has been used for analysis of the data, Microsoft Word and Excel have been used to generate graphs and tables. Graphical analysis was done between Group I, II, and III. Table 1 depicts a comparison of mean demineralization seen at gingival third area (D1), middle third area (D2), and occlusal third area (D3) of the gingival demineralized area in study groups using different dentifrices. Table 2 depicts pairwise comparison between different dentifrices in different study groups at sites D1, D2, and D3 using Tukey test. Table 3 shows intergroup comparison of demineralization for different study groups on the basis of mode of application of dentifrices. 
Discussion
The study was designed to simulate a commonly encountered situation in clinical orthodontics. Fixed appliances have already been placed, and at some point during treatment, it is determined that oral hygiene is poor and much time remains before completion of treatment. [16] There is increased incidence of carious lesions on facial and lingual surfaces of both anterior and posterior teeth during treatment. Most common sites for plaque accumulation are around the cervical margins of the teeth and under the bands in areas where cementing medium has been washed out. A number of researchers have documented that increased caries activity was due to increased salivary concentration of lactobacilli, which they considered source of acid for enamel demineralization. [17] A study done by Tschoppe et al. mainly showed that the different n-HAp toothpastes exert similar capacities to remineralize enamel and dentine subsurface lesions. Furthermore, the fluoride toothpaste displayed the lowest remineralizing effects on both hard tissues, along with an increase in lesion depths. n-HAp is considered one of the most biocompatible and bioactive materials and has gained wide acceptance in medicine and dentistry in recent years. Even though former attempts to use hydroxyapatites clinically did not succeed, synthesis of nano-scaled zinc carbonate n-HAp yielded a significant progress and showed considerable affinity to the enamel surface. [15] The effectiveness of n-HAp containing toothpaste (Apagard) to physically occlude dentin tubules as a surrogate measure of its ability to clinically relieve dentin hypersensitivity was investigated by Amaechi et al. nano-particulate hydroxyapatite may act as a calcium and phosphate reservoir, helping to maintain a topical state of supersaturation of these ions with respect to tooth minerals. Use of a n-HAP-containing toothpaste has also been shown to elevate calcium concentrations in saliva. N-HAP in dentifrice is reported to function by directly filling up micropores on demineralized tooth surfaces, and when it penetrates the pores in tooth tissues, it acts as a template in the remineralization process by continuously attracting large amounts of calcium and phosphate ions from the remineralization solution to the tooth tissue, thus promoting crystal integrity and growth. [18] In a study done by Shetty et al. it was mentioned that Aclaim calcium phosphate (nanoparticle hydroxyapatite) has received great attention because of its particle size that is <100 nm. These nanostructured materials can be kinetically protected on account of their sizes and can remain relatively stable under undersaturated condition; therefore, the prevention of enamel erosion is enhanced by the new nanolayer and is insensitive to dissolution, thus the enamel surface is protected under the acidic condition. [19] In this present study, we compared the relative efficiency of: • n-HAp, Aclaim (Group Pharmaceuticals, India) • n-HAp, Apagard (Apadent, Sangi's Japan) • Clinpro Tooth Crème (3M ESPE) containing 0.21% NaF (950 ppm fluoride ion) and tricalcium phosphate and • Colgate Total (Colgate-Palmolive Company, India) to prevent enamel demineralization. [20] The samples were divided into three groups -Group I, II, and III. Each specimen of Group I, II, and III was studied for the extent of demineralization at three SITES-gingival third (D1), middle third (D2), and occlusal third (D3) of the gingival demineralized area. This particular site of demineralization was evaluated because the most common site for plaque accumulation is around the cervical margins of the teeth which is followed by demineralization. [17] In both the experimental groups, the time of contact of the dentifrice to exposed enamel rods is kept 3 min which is hypothesized to simulate the routine application of dentifrices by the patients.
At site D1 on comparing Group II (finger application) with control group maximum demineralization was observed in control group followed by Clinpro Tooth Crème, Colgate Total, Apagard, and Aclaim whereas on comparing Group III (brush application) with control group maximum demineralization was seen in control group followed by Colgate Total, Clinpro Tooth Crème, Apagard, and Aclaim.
At site D2 on comparing Group II (finger application) with control group, maximum demineralization was At site D3 on comparing Group II (finger application) with control group, maximum demineralization was observed in control group followed by Colgate Total, Clinpro Tooth Crème, Apagard, and Aclaim whereas on comparing Group III (brush application) with control group maximum demineralization was seen in control group followed by Colgate Total, Clinpro Tooth Crème, Apagard, and Aclaim.
This study showed maximum mean demineralization at site D2 which may be due to crater shaped lesion formed gingival to the bracket area which is in accordance with the findings of Todd et al. In his study, he evaluated the ability of fluoride varnish, Duraflor to prevent demineralization of enamel surrounding brackets. [16] When intergroup comparison of demineralization for different study groups were made on the basis of mode of application of dentifrices it was observed that more demineralization was seen in Group III (brush application) compared to Group II (finger application) with Clinpro Tooth Crème at D1 site, Colgate Total at D1, D2, and D3 site which is in accordance with Kumar et al. [21] More demineralization was seen in Group II compared to Group III with Aclaim at site D1, D2, and D3, Apagard at site D1, D2, and D3, Clinpro Tooth Crème at site D2 and D3 which may be due to deeper penetration of dentifrice into the enamel rods when applied with toothbrush.
The study also revealed the most significant depth of demineralization at site D2 of Group III sub-group B4 (161.848 µ) when site-specific comparison of depth of demineralization in experimental groups was made.
In the present study, the efficiency of Aclaim and Apagard remineralizing pastes was found to be superior when compared to Clinpro Tooth Crème and Colgate Total.
In a study done by Amaechi et al., the effectiveness of n-HAP-containing toothpaste (Apagard) to physically occlude dentin tubules as a surrogate measure of its ability to clinically relieve dentin hypersensitivity was investigated. He also found that use of a n-HAP-containing toothpaste elevate calcium concentrations in saliva and caused the remineralization of early caries lesions. [18] Results of our study have shown that Aclaim and Apagard on daily application will provide maximum protection against enamel demineralization in orthodontic patients, by the formation of new n-HAp layer which is insensitive to demineralization.
Prevention in demineralization was seen after application of all the four pastes namely Apagard, Aclaim, Clinpro Tooth crème and Colgate Total, but most significant being by Aclaim and Apagard.
Construction of simple and neat mechanics, which may reduce plaque accumulation and facilitate plaque removal, is, therefore, important for maintenance of a high standard of oral hygiene during orthodontic therapy. [17] Limitations of the present study The simulation of natural saliva for the study is not possible to its 100% accuracy levels. Hence, there may be a minimal difference in the values obtained as compared to the present study.
Scope for further study
There is further scope for other studies in terms of longer time intervals. Most studies conducted have been limited to a period of 30 days. Hence, studies to be conducted in future may be focused on longer time intervals of 3-6 months.
Conclusions
1. Aclaim and Apagard were found to be most efficient in prevention of demineralization followed by Clinpro Tooth Crème and Colgate Total 2. Maximum depth of demineralization was observed at site D2 (middle third) followed by D1 (gingival third), and least at D3 (occlusal third) 3. There is no significant difference between brushing and topical application method.
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